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This study examined the impact of climate change on pastoral livestock in Boulgou Province located in the
sub-humid zone of Burkina Faso. We analysed the annual rainfall and temperature data from 1980 to 2012 using
both Mann-Kendall’s statistical test to show the long-term annual trends and Standardised Anomaly Index (SAI) to
evaluate inter-annual rainfall fluctuations. We also conducted household interviews with 248 respondents to analyse
agro-pastoralists’ perceptions of climate change and variability, its impacts on livestock production and their
acceptance of adaptation measures. A binary regression model was employed to identify the most important
factors affecting agro-pastoralists’ decisions to adopt specific adaptation measures. Within the period of study, the
annual rainfall showed an upward trend, with high inter-annual variability and 818.9 mm of mean annual rainfall.
Additionally, the annual minimum and maximum temperatures showed a statistically significant upward trend, with
a rate of change of 0.20 °C and 0.27 °C per decade. The results of the household interviews indicated that most of
the respondents (73.4 %) observed temperature changes compared with rainfall amount (1.2 %). To adapt to these
changes, they have already adopted some adaptation measures that include the use of crop residue and herd
destocking. Other less popular but innovative adaptation measures such as haymaking and use of concentrate
livestock feeds could be promoted effectively under a comprehensive climate change adaptation action plan within
a reviewed National Policy for Sustainable Livestock Development. This case study is one of the platforms through which
poor agro-pastoralists’ perception and recommendations can be accommodated in this proposed multi-stakeholder
policy review.
Keywords: Agro-pastoralists; Climate change perception; Mann-Kendall’s test; Sub-humid zone of Burkina Faso; Climate
change action planBackground
The irrevocable nature of climate change (IPCC 2007)
and overcoming the challenges associated with the
assessment and prediction of its impacts on various sec-
tors and regions is very critical. Although the vulnerabil-
ity of the largely agrarian economy of most countries in
the Sahel region of West Africa has been documented
(Barbier et al. 2009; ECOWAS-SWAC/OECD/CILSS
2008; Kandji et al. 2006; Lodoun et al. 2013), most* Correspondence: kimagnesi@yahoo.fr
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the Creative Commons license, and indicate ifclimate change models predict increasing temperature
while that of rainfall is less certain (Sarr 2012). This em-
phasises the need for sub-regional empirical research
and impact assessment studies, which could serve as the
backbone for policy formulation and implementation on
crop and livestock production in the agricultural sector.
In comparison with crop production, however, climate
change impacts on livestock production have received
less attention (McCarthy et al. 2001; Seo and Mendelsohn
2006), despite the fact that the latter relies heavily and in-
directly on feed resources for sustainability (Thornton
et al. 2007). Galvin et al. (2004) and Thornton et al. (2007)
discussed the major difference in the livestock pro-
duction systems in low- and high-income countries
and highlighted the consequences of this differencedistributed under the terms of the Creative Commons Attribution 4.0
rg/licenses/by/4.0/), which permits unrestricted use, distribution, and
e appropriate credit to the original author(s) and the source, provide a link to
changes were made.
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continue affecting livestock production systems in all parts
of the world, including the rural poor who depend on live-
stock. There is a critical need to improve adaptive capacity
through people-centred government interventions backed
by enabling policies.
Burkina Faso, like the other Sahel countries in West
Africa, relies heavily on its agricultural sector through
crop and livestock production, which jointly contributed
30 % to the country’s GDP. In 2012, the livestock sector
accounted for 11 % of the country’s GDP, and this in-
creased by 4.2 % in 2013 (AfDB/OECD/UNDP, 2014).
However, sustenance of the industry depends on adapt-
ing and adjusting its practices to the changing climate
patterns. This adaptive capacity is limited, judging by the
persistently low ranking of Burkina Faso’s Human Devel-
opment Index (HDI), which rose from 0.321 in 2005 to
0.388 in 2013. Yet, this was still lower than the average
of 0.493 and 0.502 for countries within the same cat-
egory in sub-Saharan Africa (AfDB/OECD/UNDP, 2014).
An understanding of the adaptive capacity of livestock
farmers starts with assessing the perception of the prob-
lem and solution by stakeholders (Adesina and Zinnah
1993), and this includes their understanding of and sup-
port for policies that address the problem and also their
willingness to change behaviour (Lorenzoni and Pidgeon
2006). Consequently, recent studies on adaptation mea-
sures have included the perception of climate change as a
basic requirement for selecting people-centred adaptation
measures (Ouédraogo et al. 2010; Silvestri et al. 2012).
In Burkina Faso, results from studies by Ouédraogo
et al. (2010), Kiema et al. (2013) and Zampaligré et al.
(2013) indicate that farmers are partially aware of cli-
mate change. Nevertheless, there is a need for a compre-
hensive understanding of the local context of climate
change in order to improve the adaptive capacity of rural
livestock farmers. It suffices to add that the traditional
indicators that these groups of farmers depend upon for
information were no longer reliable. Additionally, previ-
ous climate change adaptation studies have focused on
the Sahel regions of the country. Such studies are non-
existent for the sub-humid zone.
In order to fill this gap, this paper focused on analys-
ing the observed changes in climate patterns as per-
ceived by Sahel transhumant pastoralists in Boulgou
Province that have also embraced sedentary farming.
Boulgou Province was previously unsuitable for livestock
farming because of the prevalence of tsetse flies. However,
since the eradication of these flies coupled with govern-
ment efforts to create pastoral zones, agro-pastoralism has
become a common practice. Thus, this study is very
significant because we sought to first assess the magnitude
and trends of the changing climate pattern in the sub-
humid zone of Burkina Faso. Second, we examined agro-pastoralists’ perception of changing climate patterns and
their impacts on the livestock sector. Third, we identified
the best adaptive practices and presented policy challenges
and opportunities for their implementation at larger scale
for more resilience to climate change and variability.
Study area
The province of Boulgou in Burkina Faso lies between
longitude 0° 02′ east and 0° 54′ west and latitude 10°
54′ and 11° 58′ north. It is the fifth largest province, oc-
cupies an area of approximately 6,520 km2 (about 3 % of
the country) and has an estimated population of 661,928
(INSD Institut National des Statistiques et de la Demo-
graphie 2013). The province of Boulgou is located in the
Sudano-Sahelian phyto-geographical zone and is charac-
terised by two distinct wet (June-September) and dry
seasons (November-May). The mean annual rainfall var-
ies between 750 and 1,300 mm per year, while the mean
temperature is approximately 28 °C (MEF Ministère de
l’économie et de finances 2002). The province is drained
mainly by two perennial rivers, the Nakambe and Nazinon
(Red and White Volta) rivers. The Nakambe river has one
of the largest hydro-agricultural and hydroelectric reser-
voirs in the country called the Bagré reservoir.
Until recently, the Nakambe riverside was poorly
inhabited due to high risks of onchocerciacis (river
blindness) and trypanosomiasis (sleeping sickness), but
the completion of Bagré dam attracted settlers from the
northern and western provinces. Boulgou has a generally
flat terrain that lies between 270 and 300 m above sea
level with isolated hills rising between 30 and 50 m
above this flat plain. The soils in this plain are mainly
the leached ferruginous soils, which have poor water re-
tention capacity and are covered by bushes and thorny
shrubs. However, the vertisols found along the riverbeds
are used for rice cultivation. The most important eco-
nomic activity in the province is agricultural production,
which includes animal husbandry. Boulgou has two graz-
ing reserves in Nouhao and Doubegue, and an agro-
pastoral zone in Sablogo, where mostly Zebu hunchback
cattle (Bos indicus) graze the fields alongside thousands
of goats and donkeys. Figure 1 shows the study area.
Materials and methods
Data used
The study utilised climate and household survey data.
Climate data consisted of daily rainfall amount, and
minimum and maximum temperature data for the
period from 1980 to 2012. These were obtained from
the official source of climate data in Burkina Faso, Gen-
eral Directorate of Meteorology of Burkina (‘Direction
Générale de la Météorologie du Burkina’) based in
Ouagadougou. A household survey was conducted in
four villages, namely, Malinga-Nagsore (Tenkodogo
Fig. 1 Location of the selected districts in Boulgou Province of Burkina Faso (source: Institut Geographique du Burkina Faso)
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trict) and Benya (Zabre district). This selection was
based on three specific criteria:
(i) the frequency of occurrence of conflict over land use;
(ii) the absence of pastoral zones: None of the villages
selected have pastoral zones; and
(iii) the geographical location of the villages: Malinga-
Nagsore and Sanogo are in the North and the other
villages are in the South.
A total of 248 households were selected for the survey.
For each village, the respondents constituted 10 % of the
number of households. By implication, in Malinga-
Nagsore, Sanogo, Loaba and Benya, the number of
households sampled was 58, 63, 70 and 57, respectively.
The choice of respondents was based on livestock own-
ership (.i.e. minimum of five cattle and five goats/sheep)
and respondents’ age (≥40 years). The assumption is that
inhabitants ≥40 years old constitute less than 30 % ofthe population of Burkina Faso, had experienced the
droughts of the 1970s or 1980s and could provide rela-
tively accurate information.
Data analyses
Analyses of temperature and rainfall data
The software RClimDex, which was downloaded from
http://etccdi.pacificclimate.org, was used to assess the
quality of the climate data before computing their mean
annual values using INSTAT (v3.36) statistical software.
These values were used in computing temperature and
rainfall anomalies. To evaluate the inter-annual variability
of rainfall in the study area within the period under con-
sideration, the Standardised Anomaly Index (SAI) of rain-
fall was calculated. According to Hadgu et al. (2013), this
index is used as a descriptor of rainfall variability, and it
indicates the number of standard deviations that a rainfall
event deviates from the mean value under consideration.
It is also used to determine dry and wet years. Positive SAI
values indicate above mean annual rainfall, and negative
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calculated as:
SAI ¼ x−μð Þ
δ
where χ is annual rainfall total, μ is the mean of the
entire series, and δ is the standard deviation from the
mean of the series (Hadgu et al. 2013).
Daily rainfall data were also used to calculate the onset
(X) and cessation dates (Y) in addition to the length of
the rainy season or LRS (Z) and the number of rainy
days. To define the onset and cessation dates of rain, re-
spectively, the methods used by Somé and Sivakumar
(1994) and Maikano (2006) were adopted. The length of
the rainy season was calculated as the difference be-
tween the onset and cessation dates. The number of
rainy days within the rainy season was determined by
adding the number of days with rainfall higher than
0.85 mm from 1 April to 31 October. The threshold
value of rainfall amount required for a day to be counted
as rainy day in West Africa is 0.85 mm, according to
Garbutt et al. (1981).
Climate extreme indices and trend analysis
The climate indices computed in this study show the
frequency and duration of climate extremes as defined
by Zhang and Yang (2004). Table 1 shows the seven cli-
mate indices used in computing rainfall and temperature
values using RClimDex software. Both rainfall and
temperature data were subjected to quality control (QC)
which is a necessary step prior to the determination of
the climate indices (Aguilar et al. 2009). The aim is to
first detect errors in data input (such as negative value
of rainfall, minimum temperature superior to maximum
temperature) and also to identify outliers. Outliers are
daily values outside a threshold of the mean value for
that particular day plus/minus the standard deviations
defined by the user (Aguilar et al. 2009).
The trend of rainfall and temperature descriptors and
times series of the indices was computed based on the
Mann-Kendall (MK) test using Addinsoft’s XLSTATTable 1 Definition of temperature and rainfall indices selected from
Elements Index Descriptive names D
Tn Tn10P Cool night frequency P
Tn Tn90P Warm night frequency P
Tx Tx10P Cool day frequency P
Tx Tx90P Warm night frequency P
Rainfall PRCPTOT Annual total rainfall A
Rainfall R5-days Maximum 5 days precipitation M
Rainfall R99P Extremely wet days A
Tn and Tx are the minimum and maximum temperatures, respectivelysoftware. For this study, the statistically significant trend
was reported at the 95 % confidence level (two-tailed
test). Mann-Kendall’s test is a non-parametric method
used to test climatological data (Ly et al. 2013; Safari
2012), and studies have shown that it is the most appro-
priate statistical tool for the analysis of changes in clima-
tological time series or for the detection of abrupt
climate change (Klein Tank et al. 2009; Safari 2012). The
MK test examines if a random variable monotonically
increases or decreases with time or not (Jain and Kumar
2012; Karabulut et al. 2008; Safari 2012) and the data
used may or may not be normally distributed, which
makes it particularly appropriate for use with climate
data (Karabulut et al. 2008). The magnitude of the trend
is given by Sen’s slope estimator test. This method is
preceded by calculating the slope as a change in meas-





⋅⋅⋅i ¼ 1; …;N
where Q = slope between data points xj and xk, and xj
and xk are data measurement at times j and k, respect-
ively (j > k). The median of N values of Qi is Sen’s esti-
mator of slope (Nenwiinia and Kabanda 2013).
Household survey
The household survey data were analysed using the
PASW Statistical Package software (IBM, SPSS Statistics
version 22). Cross-tabulation descriptive analyses and
non-parametric Kruskal-Wallis analyses were performed.
A binary logistic regression model was employed to
show factors affecting the choice of adaptation measures
used by the farmers in the study area. The model is
computed from:
Pi ¼
exp β0 þ β1xi
 
1þ exp β0 þ β1xi
 
where Pi is the probability of an event occurring for an
observed set of variables xi (i.e. the probability that the
farmers adopt a specific adaptation measure), β0 is theZhang and Yang (2004)
efinition Unit
ercentage of days with TN < 10th percentile of 1980 to 2012 %
ercentage of days with TN > 90th percentile of 1980 to 2012 %
ercentage of days with TX < 10th percentile of 1980 to 2012 %
ercentage of days with TX > 90th percentile of 1980 to 2012 %
nnual total PRCP in wet days (RR > 1 mm) mm
aximum 5 days precipitation mm
nnual total PRCP when RR > 99th percentile mm
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variables xi. In this study, the variables used were house-
hold size, herd size, age and the level of education of the
head of household.Results and discussion
Analyses of climate parameters in the study area (1980
to 2012)
Temperature trend
The mean annual minimum and maximum tempera-
tures for Boulgou Province from 1980 to 2012 were
22.1 °C and 34.4 °C, respectively. In our study area, most
of the hottest years were obtained after 2000, and these
were 2005 (35.2 °C), 2006, 2009, 2004 (34.9 °C), and
2003, 2002 (34.8 °C). This reinforced results of other
studies which have shown that most of the hottest years
recorded in the history of instrumental temperature data
collection occurred after 2000 (JMA Japan Meteoro-
logical Agency and JMA Japan Meteorological Agency
2011; NASA 2011; NOAA 2011). Further analysis
showed a significant upward trend (Fig. 2) at a 95 % con-
fidence level (p < 0.001) and a rate of increase equal to
0.20 °C and 0.27 °C per decade, respectively (Table 2).
The result depicted an increase of +0.66 °C and +0.89 °C
from 1980 to 2012 for maximum and minimum temper-
atures, respectively. These corroborate the results that
reported an increase in temperature between +0.2 °C
and +0.8 °C since the end of the 1970s in West Africa
(ECOWAS-SWAC/OECD/CILSS 2008), and +0.29 °C
and +0.30 °C per decade globally between 1979 and
2004 (Vose et al. 2005). In addition, the result implied
that the minimum temperature is increasing slightly fas-
ter than the maximum temperature. This finding is simi-
lar to the results of other studies in West Africa
(ECOWAS-SWAC/OECD/CILSS 2008; Ly et al. 2013).a
Fig. 2 (a) Variation of mean annual maximum temperature (mean = 34.4 °C, S
SD = 0.46 °C) of Boulgou Province (1980 to 2012). The trend line shows graduaFor the temperature indices computed using RClimdex
software, the frequency of warm days and nights showed
an increasing trend with Sen’s slope values being 3.07
and 1.54 per decade, at a significance level of p < 0.05
(Table 2). Also, Sen’s slope values showed a significant
decrease in the frequency of the cool days (−2.04) and
nights (−1.85) per decade, thus indicating that warm
days and nights had increased by 11.2 and 5.6 days per
decade, while cold days and nights had decreased by 7.4
and 6.8 days per decade. This trend agrees with findings
in Southern and West Africa (New et al. 2006) and most
of West African countries from 1960 to 2010 (Ly et al.
2013). Some effects of temperature increase on livestock
include reduced animal milk yield, body weight and re-
productive performance (Scholtz et al. 2013); increase in
vector-borne diseases (Pinto et al. 2008); reduced fodder
yield (Thornton et al. 2009); and increase in evapotrans-
piration and the possibility of migration and conflicts be-
tween livestock and crop farmers, with the consequent
economical, physical and psychological costs (Sirohi and
Michaelowa 2007).
Rainfall trend
Rainfall in Boulgou Province has varied substantially
during the past three decades (Fig. 3a) with a mean
annual rainfall of 818.9 mm and standard deviation of
144.5 mm. The Mann-Kendall test on the data showed a
non-significant positive trend depicting a very slight in-
crease in the rainfall amount (Table 3). This confirmed
the results from studies conducted by Lodoun et al.
(2013) and Wang and Gillies (2011) who reported rain-
fall recovery, since 1990, in most of the Sahel region.
The increase in rainfall in the Sahel is accounted for by
the intensification of both the tropical easterly jets (TEJ)
and African easterly jets (AEJ), which are known to in-
duce wet anomalies (Wang and Gillies 2011).b
D= 0.41 °C) and (b) mean annual minimum temperature (mean = 22.1 °C,
l increase in both maximum and minimum temperatures in 1980 to 2012
Table 2 Mann-Kendall results for temperature indices (1980 to 2012) in Boulgou Province
Elements Descriptive names Mean Standard deviation Mann-Kendall tau p value Sen’s slope
TMAX mean Mean annual maximum temperature 34.4 0.4 0.336 0.006* 0.02
TMIN mean Mean annual minimum temperature 22.1 0.5 0.411 0.001* 0.027
TX10P Cool day frequency 10.1 3.7 −0.313 0.011* −0.204
TN10P Cool night frequency 10.6 7.0 −0.277 0.025* −0.185
TX90P Warm day frequency 9.8 5.4 0.380 0.002* 0.307
TN90P Warm night frequency 9.8 4.8 0.231 0.041* 0.154
*Trend is statistically significant at p < 0.05
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rainfall patterns that are quite often accentuated with
positive and negative anomalies (Fig. 3b). Substantial
negative anomalies occurred in 1984 and 1990, 1993 and
2002, when the calculated indices were between −1.5
and −1.6, which signify relatively dry years. PANA
(2007) reported these years as drought years in Burkina
Faso. Conversely, substantial positive anomalies occurred
in 1989, 1994, 2007, 2008 and 2009 with SAI between +1.5
and +2.2, and the highest index occurred in 2009.
Within the period under consideration, 2009 was the
wettest year with the worst floods in Burkina Faso. Al-
though the trend from 1980 and 2012 is not statistically
significant, it is noteworthy that the unusually wet years
between 2007 and 2010 coincided with the period of
high temperature anomalies globally. This may be ex-
plained by regional- and global-scale patterns of sea-
surface temperature (SST) that modulate the mesoscale
convective systems as demonstrated by statistical analyses
(Folland et al. 1986) and the use of models (Giannini et al.
2003). It has also been linked to variations in Sahelian
rainfall on multi-year to decadal timescales throughout




















Fig. 3 (a) Mean annual rainfall amount (mean = 818.9 mm, SD = 144.5 mm
to 2012). Note that the inter-annual variability of rainfall was generally high
in 1980 to 1988, while the reverse was the case in 2007 to 2010et al. (2005) linked the increase in Sahelian rainfall
with the increase in surface air temperature over the
Sahara, which, in turn, lowers the mean surface low
pressure over this area.
Table 3 showed that the cumulative rainfall of ex-
tremely wet days and the intensity of rainfall had in-
creased within the period of study. Previous studies in
West African countries by Sarr (2012) and Ly et al.
(2013) demonstrated that extreme rainfall was more fre-
quent during the last decade compared to the period
1961 to 1990. In addition to the multi-decade variability
of rainfall, the increasing extreme climate events have
negative consequences on the management of livestock
production.
Variability of onset, cessation, length of the rainy season
and number of rainy days
Two very important rainfall characteristics that affect
agricultural activities are the onset and cessation of the
rains. In the last 33-year period covered by the study,
the mean onset occurred on 9 June with a standard devi-
ation of 18 days (Table 4). Sarr et al. (2011) and Kiema




























) and (b) standardized time series of rainfall for Boulgou Province (1980
within the study period. However, below normal rainfall was recorded
Table 3 Mann-Kendall results for rainfall indices (1980 to 2012) in Boulgou Province
Elements Descriptive names Mean Standard deviation Mann-Kendall tau p value Sen’s slope
PRCPT Annual total rainfall 818.9 144.0 0.140 0.261* 3.19
R5days Maximum 5 days precipitation 113.8 25.6 0.167 0.179* 0.705
R95P Extremely wet days 168.2 99.3 0.208 0.092* 3.741
*Trend not statistically significant at p = 0.05
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ern part of Burkina Faso. On the average, cessation of
rains within the study area occurred on 7 October, with a
standard deviation of 9 days. The cessation dates were late
with a non-significant positive trend. The mean length of
rainy season (LRS) had increased slightly to 119 days, with
a high standard deviation of 21 days. The lowest and high-
est LRS were between 76 days (in 2005) and 166 days (in
1996). This high inter-annual variability of the seasonal
distribution of rainfall has negative effects on the ability to
accurately predict its onset and cessation dates. The LRS
is an important factor that influences the availability of
fresh fodder for livestock (such as Mucuna spp. Stylo-
santhes spp. and Vigna spp.) that thrive during the rainy
season. This situation is expected to worsen with the
changing climate patterns and as livestock farmers seek
alternative fodder crop types to cultivate.
Household survey
Socio-economic characteristics of interviewed agro-pastoralist
households
Analysis of respondents in the survey showed the follow-
ing socio-economic characteristics: gender (94 % were
males), average age (55 years), no formal education
(96 %), natives (82.3 %), average household size (18), ani-
mal husbandry as the main source of income (52 %),
herd size (85 % of the respondents have less than 30 cattle,
sheep and goats), membership of herders’ organisations
(21 %) and membership of crop farmers’ organisations
(4 %). These characteristics imply that most of the respon-
dents are illiterates and have poor access to informationTable 4 The respondents’ perception of climate variability and
change (n = 248)
Variables Increased or earlier (%) Decreased or late (%)
Temperature 73.4 25.4
Rainfall amount 1.2 97.2
Rainfall intensity 6.9 91.5
Rainfall frequency 1.2 95.2
Occurrence of flood 28.6 49.2
Occurrence of drought 85.5 11.3
Onset of rains 33.5 63.7
Cessation of rains 90.3 4.8
Length of rainy season 4 91.1other than the local knowledge obtained from experience.
Additionally, their main source of livelihood is climate
dependent, and this exposes their income to vagaries of
climate.
Agro-pastoralists’ perception of climate variability and
change
Most of the respondents in Boulgou Province had per-
ceived a change in climate through their observations on
changes in temperature and rainfall within the last
30 years (Table 4). The findings of the interviews were
similar to those of Akponikpè et al. (2010), Ouédraogo
et al. (2010) and Allé et al. (2013). These include respon-
dents’ perception of a hotter climate (73 %); a decrease
in rainfall amount (97 %), intensity (92 %) and frequency
(92 %); delayed onset (63 %); and early cessation (90 %)
of the rainy season. However, the slight increase in rain-
fall was not perceived by the respondents. This differ-
ence could be explained by the high inter-annual rainfall
variability. The second inconsistency between respon-
dents’ perception and climate data was on the cessation
of the rainy season, which was perceived as being early.
In general, the respondents reported that the climate
had changed for the worse. According to Akponikpè
et al. (2010), farmers do not perceive climate in me-
teorological terms but as it affects agricultural activities.
This may explain the disagreement between some
respondents’ perceptions and scientific evidence. Evi-
dently, there is always a need to connect traditional
knowledge derived from the daily experiences of the
agro-pastoralists with climate data through enlighten-
ment and provision of climate information.
Impacts of climate variability and change on livestock
Agro-pastoralists’ responses on the impacts of the chan-
ging climate pattern on the livestock are presented in
Fig. 4. The result showed that 97 %, 94 % and 89 % of
the respondents had observed a reduction in crop yield
and forage quantity and quality, respectively. Addition-
ally, 90 % had observed that water availability had
reduced. Furthermore, the reduction of income and
increase in conflict between livestock and crop farmers
were reported by 89 and 78 % of the respondents, re-
spectively. Concerning livestock production, 79, 87 and
84 % of the respondents reported that animal fertility
and milk and meat production had reduced. In addition,
0 20 40 60 80 100
Reduction of crop yield
Shortage of forage
Reduction of forage’s quality




Increased of Animal disease
Increase of Animal mortality
Reduction of income
Increase of conflict with crop farmers
Frequency (%)
Disagree Agree
Fig. 4 Perception of farmers (n = 248) about the impact of climate variability and change on livestock husbandry in Boulgou Province
(white = disagree, grey = agree). The responses from respondents imply that they are well aware of the impacts of climate change on livestock production
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stock morbidity and mortality had increased due to in-
crease in some vector-borne diseases. The observation
by the respondents agreed with the report of Courtin
et al. (2010) that within the belt of the tsetse flies (Dip-
tera Glossinidae), the vectors that cause trypanosomiasis
in both humans and livestock, had shifted by 25 to
150 km to the south of Burkina Faso due to rainfall vari-
ability and population density. It is worth mentioning
that the answers provided by the respondents may have
been influenced not only by their perception of climate
change, which is the focus of this study, but also by
other factors such population increase, competition for
land and soil degradation that are known to have consid-
erable impacts on livestock production.
Furthermore, the result of studies conducted in south-
ern Sahelian and northern and southern Sudanian eco-
logical zones of Burkina Faso by Zampaligré et al. (2013)
and Kiema et al. (2013) in eastern Burkina Faso con-
firmed the observations made by the respondents in
Boulgou Province (sub-humid zone of Burkina Faso) re-
garding the reduction of income and increase in conflict
between livestock and crop farmers. This finding implies
that changing climate patterns had affected the respon-
dents to a great extent and have increased the vulner-
ability of agro-pastoralists in the study area. Sirohi and
Michaelowa (2007) reported that livestock productionwould be severely affected in a region where increased
temperature is related to decrease in rainfall.Local adaptation measures and barriers affecting their
usage
As adaptation measures (Table 5), the respondents feed
livestock with crop residue (98.4 %) and concentrate feed
(80.6 %), practise herd destocking (44.8 %), use woody
fodder (42.3 %) and engage in off-farm activities (30.2 %),
haymaking (30.1 %) and transhumance (19.8 %). Due to
decreasing grazing land and high rainfall variability, live-
stock feed mostly on less palatable grasses available in
pastures and after-harvest crop residues, which had con-
tinued to increase in Burkina Faso (Barbier et al. 2009;
Zampaligré et al. 2013). Regarding the integration of live-
stock and crop farm activities, OECD/SWAC (2008)
reported that agro-pastoralism is one of the major innova-
tions in most Sahel countries during the last decades.
The vast majority of interviewed agro-pastoralists re-
ported that there are inadequate training and materials
for haymaking, which explained the low acceptance of
this measure. The least widespread measures that were
adopted by the respondents were cultivation of crop fod-
der species (8.9 %), change in animal species (6.1 %) and
cultivation of woody fodder species (0.8 %). Kagoné
(2006) described the three major obstacles affecting the
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a,bSignificant difference of row mean within the same adaptation practices (Kruskal-Wallis test, p ≤ 0.05)
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rights, the agricultural calendar and seed availability. It
has been reported that changing to other livestock spe-
cies mostly occurred when the pastoralists are educated
(Zampaligré et al. 2013). However, this is not the case in
Boulgou Province as 96 % of the heads of household
interviewed were illiterates.
The diversity of the measures highlighted by the re-
spondents is low and mostly short-term adjustments.
This raises the question of what prevents respondents
from adopting new technologies as adaptation measures.
The analysis of constraints listed by respondents showed
that water scarcity and accessibility ranked first, despite
the observation that Boulgou Province is regarded as
well drained by seasonal rivers. Kandji et al. (2006) and
MRA (2010) demonstrated in their report that inad-
equate quality of fodder and water are important con-
straints militating against the improvement of livestock
production in the Sahel region. In addition, obstructing
livestock mobility routes, inadequate access to new
knowledge on adaptation, and land tenure system were
all ranked low but were still regarded as critical in stud-
ies by Kiema et al. (2013) and Ouédraogo et al. (2010).
Most of the adaptation measures referred to in this
study are adopted by the agro-pastoralists during
drought periods, which they perceived to have increased.
However, trend analysis of climate data for the period
under study had also shown that wet days had increased
alongside flood events. This has exposed further the vul-
nerability of the agro-pastoralists to flood events, a risk
that can be minimised with appropriate assistance from
relevant agencies in Burkina Faso.Determinants of farmers’ adaptation measures in the
sub-humid zone of Burkina Faso
The result from the binary regression analysis is shown
in Table 6. The table shows only the adaptation mea-
sures which are influenced by at least one determinant
whose p < 0.05. This table showed that sheep and goat
herd size is the important determinant affecting haymak-
ing. Farmers that own large herds of sheep were more
likely to adopt haymaking during the dry season. This
may be explained by the practice of fattening the ani-
mals in preparation for festive periods. The use of con-
centrated livestock feed is less likely to occur in farms
with a large cattle size. Thus, farmers with large herds of
cattle preferred to rely mostly on natural pasture by
adopting transhumance (p < 0.05) because concentrated
livestock feed is expensive in Burkina Faso (Table 5).
Furthermore, the practice of transhumance in Burkina
Faso depends on the household and cattle herd size
(Kiema et al. 2013; Zampaligré et al. 2013). Our findings
indicated that cattle herd size positively affected the
choice to adopt adaptation measures such as transhumance
and off-farm activities while it negatively affected concen-
trated livestock feed adoption (Table 6). Agro-pastoralists
in our study area who own larger cattle herd size are likely
to practise transhumance and engage in off-farm activities.
To minimise the risk arising from rainfall variability,
seeking alternative sources of income is necessary. En-
gagement in off-farm activities (such as small commercial
activities, mining, building, transportation or working with
NGOs or with the Government) was significantly (p <
0.05) influenced by the age of the household head, the
household size and the cattle herd size (Table 5). The age
Table 6 Results of the binary logistic regression analysis of factors affecting future adaptation strategies
Predictors Β SE β Wald’s χ2 df p ≤ Eβ (odds ratio)
Making hay
Constant 3.444 1.163 8.775 1 0.003 31.312
Sheep herd size 0.045 0.016 7.587 1 0.006 1.046
Goat herd size −0.090 0.019 21.957 1 0.000 0.914
Test χ2 df p
Overall model evaluation 35.213 7 0.000
Goodness of fita 8.903 8 0.351
Concentrated livestock feed
Constant −3.067 1.570 3.814 1 0.051 0.047
Cattle herd size −0.082 0.029 7.749 1 0.005 0.921
Test χ2 df p
Overall model evaluation 38.993 7 0.000
Goodness of fita 5.413 8 0.713
Transhumance
Constant −0.468 1.374 0.116 1 0.733 0.626
Household size 0.081 0.028 8.142 1 0.004 1.084
Cattle herd size 0.022 0.009 5.561 1 0.018 0.978
Test χ2 df p
Overall model evaluation 57.061 7 0.000
Goodness of fita 9.598 8 0.294
Destocking
Constant −1.555 0.986 2.489 1 0.115 0.211
Cattle herd size 0.025 0.009 8.083 1 0.004 1.026
Test χ2 df p
Overall model evaluation 19.186 7 0.008
Goodness of fita 10.166 8 0.254
Off-farm activities
Constant 1.401 1.336 1.100 1 0.294 4.061
Age of household head 0.055 0.018 9.355 1 0.002 1.057
Household size −0.040 0.016 6.072 1 0.014 0.961
Cattle number 0.036 0.014 6.543 1 0.011 1.036
Test χ2 df p
Overall model evaluation 48.242 7 0.000
Goodness of fita 5.221 8 0.734
aHosmer and Lemeshow goodness-of-fit test (Archer and Lemeshow 2006)
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effect in the diversification of livelihood. This result con-
firms the findings of other studies (Ibrahim and Onuk
2009; Zahonogo 2011). However, after a certain age, the
likelihood of engaging in off-farm activities declined
(Zahonogo 2011). Other studies emphasised the import-
ance of financial capital (D’haen et al. 2014; Ibrahim and
Onuk 2009). The lack of financial capital for livelihood di-
versification leads to migration of the youths to urban
areas outside Burkina Faso. However, Table 6 confirmsdiversifying activities is the most likely adaptation measure
to be adopted by the agro-pastoralists in the study area.
Challenges and opportunities for a climate change
adaptation action plan on livestock producers in Burkina Faso
For centuries, livestock producers in countries such as
Burkina Faso have been adapting their production sys-
tems and livelihood to cope with the Sahel’s changing
environment, and societies have survived based on herd,
pasture and water management (Ancey et al. 2009;
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this sector can be the impetus for improving the live-
lihood of majority of rural people for which it consti-
tutes an income source. As in most West African
countries, the benefits of the livestock sector are underex-
ploited and the sector has never been a priority for the
government of Burkina Faso. Additionally, until 2012,
when gold exports increased to 68 %, the livestock sector
was the country’s second largest source of foreign cur-
rency (AfDB/OECD/UNDP, 2014). Prior to the establish-
ment of the Ministry of Livestock in 1997, the impact of
government, including the French colonialists, was felt
mainly through the provision of veterinary services to live-
stock farmers in the 1950s to 1998 (Landais 1990; Tall
1999). In 1980, the livestock agency created by the French
was replaced by the Ministry of Rural Development and
several other Ministries in subsequent years, to the detri-
ment of the livestock sector.
Since then, several action plans and programmes for
the improvement of livestock production have been im-
plemented; these include the Orientation Law on Pastor-
alism (LORP), Action Plan and Investment Programme
for the Livestock Farming Sector (PAPISE) and National
Policy for Sustainable Livestock Development (PNDEL).
Though these programmes and policies support the de-
velopment of the livestock sector, they do not specifically
address the issue of climate change adaptation. The
Ministry of Livestock Resources is politically margina-
lised with inadequate funding and support (Gning 2005).
The livestock sector received only 2 % to 11 % of the an-
nual budgets allocated to the primary sector, compared
to 36 % to 50 %, 18 % to 38 % and 6 % to 26 % for crop
production, water and environment, respectively (MRA
Ministère des Ressources Animales 2010).
Against this background of inadequate funding for the
sector, theoretical model simulations of the climate
change in Burkina Faso projected that by 2025, an aver-
age temperature increase of 0.8 °C and a relative de-
crease of −3.4 % in rainfall are likely coupled with a very
strong seasonal and inter-annual variability (PANA
2007). Regardless of this additional climatic challenge,
local stakeholders in the sector are expected to sustainably
increase production and income. Consequently, a well-
coordinated modification of livestock management prac-
tices through appropriate pro-poor adaptation measures is
very necessary. However, the awareness of climate change
in the livestock sector is generally very low; hence, appro-
priate information is paramount. In addition, the organisa-
tional structure that could facilitate the establishment of a
‘collective identity’ to serve this purpose is limited by eth-
nicity, elitism, irresolute government and project-based
interventions.
Regrettably, livestock farmers are yet to attain the pol-
itical clout that could influence government livestockpolicies. The two prominent pre-existing potential lobby
groups, namely Peri-urban Professional Associations and
the Provincial Herders Union, that could collaborate to
push for appropriate adaptation policies address issues
that are not all-encompassing. Furthermore, the vastness
of the terrain, geographic dispersion (of communication
and transportation) and diversity of livestock production
systems hampers the coordination of their activities.
Besides these two groups, the most vulnerable livestock
producers are usually involved in subsistence farming
and are too poor and politically insignificant; this is typ-
ical in Boulgou as most of the agro-pastoralists do not
belong to any herders association. They are less likely to
influence national or sectoral policies. Juana et al. (2013)
stated that climate change adaptation requires access to
information and utilisation of climate change and adap-
tation technologies, as well asaccess to affordable credit
for implementation of strategies.
Using Boulgou Province as a case study, adaptation
measures used by agro-pastoralists are shown in Table 5.
These measures could inform people-centred livestock
action plans or policies. The agro-pastoralists specifically
indicated that the capital-intensive nature of haymaking
and access to concentrated livestock feed are major chal-
lenges in adopting these two measures. Under the
PAPISE programme, the government provided increased
access to natural hay, crop residues and concentrate
feeds and embarked upon vaccination services. This con-
tributed to the growth in livestock production in 2013
(AfDB/OECD/UNDP, 2014).
In low-income agrarian countries, livestock policies
are usually driven by concerns for the large masses of
rural poor, through adopting technology development
and promotion (FAO 2006). However, these policies
should be incorporated within a broader policy and in-
stitutional framework that involves not just technocrats,
but also stakeholders such as the Peri-urban Professional
Associations and the Provincial Herders Union, non-
governmental organisations (NGOs) and inter-ministerial
representatives that can link and identify relevant policies
beneficial to the livestock sector (FAO 2009). Dorward
et al. (2004a, b) and Pica-Ciamarra (2005) recommended
that such policies consist of three major components that
address the constraints faced by smallholder farmers: first,
adequate management of the basics of livestock produc-
tion, e.g. access to land, feed, infrastructure and water; sec-
ond, enhanced livestock productivity, e.g. access to animal
health services, credit facilities, information and output
markets; and third, sustained livestock productivity and
competitiveness, e.g. research output and environmental
protection.
PAPISE, the operational action plan of PNDEL of
Burkina Faso for the period 2010 to 2015, appears to
address these three components. It is recommended
Kima et al. Pastoralism: Research, Policy and Practice  (2015) 5:16 Page 12 of 14that PNDEL be reformed to accommodate an action
plan for implementing climate change adaption strat-
egies in view of the projected changes in climate for
Burkina Faso. In collaboration with the stakeholders,
new strategies or those already being practised can be
further prioritised using appropriate socio-economic
criteria (FAO 2012). Although no country has elabo-
rated and implemented an all-encompassing livestock
sector development strategy (FAO 2012), Burkina
Faso, by learning from case studies like Boulgou Province,
can improve the food security and poverty situation in the
country, while tackling the impacts of climate change
simultaneously.
Conclusion
The statistical analysis of temperature data of Boulgou
Province showed increasing temperatures of +0.20 °C
and +0.27 °C per decade for maximum and minimum
temperatures, respectively. Regarding the observed an-
nual rainfall amount, the high degree of temporal vari-
ability showed a slightly increasing trend. The 95th
percentile of rainfall and the cumulative 5-day rainfall
are also increasing. Rainfall is one of the main agro-
climatic parameters in the Sahel region, so the onset,
cessation and LRS were also analysed. We found that
these parameters had an increasing trend.
In assessing the perception of climate change, most of
the respondents’ observations corroborated the meteoro-
logical data. One major area of disagreement between
the perception of respondents and scientific data is in
the rainfall amount and LRS. The climate data analysis
indicated an increase in LRS, but the respondents ob-
served a decrease. On the contrary, both respondents’
perception and scientific evidence agreed that onset of
rains in Boulgou Province are late. This is a very critical
change because of its impact on the availability of fresh
forage after a lengthy dry season.
To sustain livestock production, the respondents
adopted some local adaptation measures that primarily
involved the use of crop residues and concentrate feeds.
Other less popular measures were adopted by the re-
spondents, such as planting different woody and crop
fodder species and changing livestock species. The age
of the household head, the household size and livestock
herd size are significant predictors for future acceptance
of some adaptation measures, such as transhumance,
herd destocking, engaging in off-farm activities and so
on. Therefore, for a successful implementation of adap-
tation measures identified by Boulgou agro-pastoralists
in the sub-humid zone of Burkina Faso, among others,
an all-encompassing climate change action plan needs to
be incorporated into a reviewed National Policy for Sus-
tainable Livestock Development, as it reaches its ter-
minal duration of 2015.Competing interests
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